Amaç: Bu çalışmada, insan rekombinant epidermal büyüme faktörü (hrEGF) ve trombositten zengin plazma (TZP) uygulamasından sonra tendondaki histolojik iyileşme süreci ve gen ekspresyon profili karşılaştırıldı. Gereç ve yöntemler: Çalışmada toplam 24 adet erişkin Yeni Zelanda beyaz tavşanı (6 aylık; ağırlık 2,5-3,0 kg) kullanıldı. Tavşanların patellar tendonları tenotomize edildi ve ardından tamir edildi. Tavşanlar üç gruba ayrıldı ve tamir bölgelerine grup 1'de (n=9) 1 mL hrEGF ve grup 2'de (n=9) 1 mL TZP enjeksiyonu yapıldı. Grup 3'te (kontroller, n=6) enjeksiyon yapılmadı. Birinci, ikinci ve dördüncü hafta sonunda grup 1 ve 2'den üçer, grup 3'ten ise iki tavşanın tamir edilen patellar tendonlarından doku örnekleri alındı ve bu dokular histolojik ve genetik olarak incelendi. Tümör nekroz faktör alfa (TNF-a), interlökin (IL)-6 ve IL-8 ile kemokin reseptörlerinin (CCXCR1, CCXCR2) ekspresyon düzeyleri irdelendi. Bulgular: İki ile dördüncü hafta sonunda neovaskülarizasyon frekansının grup 3'e kıyasla grup 1'de daha yüksek olduğu tespit edildi (sırasıyla p= 0,018 ve p= 0,009). Grup 1'in ikinci hafta sonunda tenosit prevalansı bakımından (sırasıyla p= 0,014 ve p= 0,009), dördüncü hafta sonunda ise kollajen yoğunluğu bakımından (sırasıyla p= 0,0018, p= 0,034) grup 2 ve 3'e kıyasla daha fazla artış gösterdiği tespit edildi. Bir, iki ve dördüncü hafta sonunda en yüksek TNF-a, IL-6 ve IL-8 düzeyleri grup 1'de saptandı, bunları tüm zaman noktalarında grup 2 ve 3 takip etti. En yüksek CXCR2 gen ekspresyonu grup 1'de saptandı. Sonuç: Trombositten zengin plazma ile karşılaştırıldığında, hrEGF iyileşme dokusunda neovaskülarizasyon, tenosit, fibroblast, kollajen ve doku makrofaj düzeylerinde daha fazla artışa ve daha yüksek TNF-a, IL-6, IL8 ve CXCR2 düzeylerine neden oldu. İntralezyonel hrEGF uygulaması, tendon iyileşmesini etkili bir şekilde hızlandırabilir.
The comparison of the hrEGF and PRP on tendon healing
The process of tendon healing takes more time because of lower blood supply and slower metabolic rate compared to other soft tissues. [1] The effects of several growth factors on tendon healing have been reported in various studies. [1, 2] In vivo and in vitro studies have shown that epidermal growth factor (EGF) expression is enhanced in the inflammatory region after tendon injury, while having an additive effect on tenoblast migration. [3, 4] Other studies have evaluated the effects of platelet-rich plasma (PRP) on the healing of tendon injuries and tendinopathy, and have reported a positive association between PRP and the healing process. [5, 6] Human epidermal growth factor is involved in cell growth, proliferation, and differentiation. Epidermal growth factor was isolated from the submaxillary salivary glands of mice in the 1960s. [7] Epidermal growth factors are synthesized by fibroblasts, monocytes, macrophages, and platelets and affect epidermal cells, smooth muscles, and fibroblasts. [7, 8] Intralesional use of human recombinant EGF (hrEGF) in diabetic wound treatment has been reported. [9, 10] Platelet-rich plasma, derived from the patient's own blood, contains high concentrations of platelets. [11] There are numerous growth factors in platelet a granules, including platelet-derived growth factor, transforming growth factor-b, EGF, vascular endothelial growth factor, platelet-derived angiogenesis factor, plateletderived epidermal growth factor, platelet factor-4, and insulin-like growth factor. [12] Growth factors are released when platelets are activated, and tissue healing and regeneration are initiated as a result of cellular chemotaxis, proliferation, differentiation, and angiogenesis. [12] PRP is commonly used in clinical practice for the treatment of bone, tendon, cartilage, and connective tissue injuries and osteoarthritis. [13, 14] To the best of our knowledge, no experimental study on the benefits of hrEGF in tendon healing has been reported. [15] We anticipated that hrEGF would induce a greater effect on tendon healing compared to PRP. Therefore, in this study, we aimed to compare the histological healing process and gene expression profile in tendon after the administration of hrEGF and PRP.
MATERIALS AND METHODS
A total of 24 mature New Zealand white rabbits (6-month-old; weight 2.5-3.0 kg) were used in the study, which was conducted between August 2016 and November 2016 at the Experimental Research Laboratory of Veterinary Faculty of Harran University. The study was approved by the Dollvet Animal Care and Use Committee and was performed according to the guidelines of the Association for the Assessment and Accreditation of Laboratory Animal Care. Rabbits were randomly divided into three groups: the hrEGF group (group 1, n=9), PRP group (group 2, n=9), and control group (group 3, n=6). Patellar tendons were tenotomized and repaired. Following repair, they were injected with 1 mL hrEGF (Heberprot-P, 75 µg; group 1) or 1 mL PRP (group 2). Group 3 received no injection.
As described by Anaguchi et al., [16] a longitudinal skin incision was performed on the skin overlying the middle of the patellar tendon. The superficial surrounding fascia was cut longitudinally to expose the tendon. Then, the deep fascia overlying the tendon was opened and a full-thickness sample (2 mm wide, 10 mm long) was excised from the central portion of the tendon. Next, the tendon was repaired using 3/0 polypropylene (Prolene; Ethicon, Somerville, NJ), and the fascia and skin were covered. After the first, second, and fourth weeks, a tissue sample (2 mm wide, 10 mm long) containing the repair site was excised from the central portion.
For the preparation of PRP and platelet counting, blood samples (10 and 1 mL, respectively) were obtained from the central ear veins of the rabbits, stored in tubes containing sodium citrate, and centrifuged (150 g, 20 minutes). Next, after removing the supernatant, the sample was recentrifuged (450 g, 10 minutes). As a result, the lower part was plateletrich and the upper part was platelet-poor. The lower portion was aspirated and stored in tubes. [13] Thus, 2 mL PRP was prepared from each 10 mL sample of blood. Then, 1 mL samples of plasma were sent to a laboratory for platelet counting. The results were compared against the values of normal peripheral blood. The platelet counts were 2.5-4.5 times higher in PRP than in normal peripheral blood (mean=3.1±1). Prior to the injection, autogenous PRPs were mixed with 10% calcium chloride and 100 U/mL thrombin at a ratio of 1/0.15. After a wait time of 1 minute for platelet activation, a viscous and injectable material was obtained.
Biopsy samples were fixed in 10% buffered formaldehyde for histopathological assessment and then mounted in paraffin wax blocks. Sections (5 µm thick) were cut from the paraffin wax blocks with a microtome and subsequently deparaffinized in xylol and rehydrated through a descending alcohol series. After hematoxylin and eosin staining, the samples were evaluated under a light microscope (Olympus BX53, DP73 camera; Olympus, Tokyo, Japan). Histopathological healing was assessed in terms of inflammation, tenocytes, tissue macrophages, fibroblasts, neovascularization, and the quantity of collagen. The results were scored based on the method of Najafbeygi et al: [17] 0, absent; 1, mild; 2, moderate; and 3, severe (Table I) .
Tissue samples were frozen in messenger ribonucleic acid (RNA) solution at -80 °C. Then, 30-35 mg from each sample was homogenized at 6,500 rpm for 40 seconds using a High Pure RNA Tissue Kit Tissue Lysis/Binding Buffer (Roche). Tissue samples were kept on an ice block at 4 °C for 2 minutes, rehomogenized at 6,500 rpm for 40 seconds, and again kept on an ice block at 4 °C for 5-10 minutes. Absolute ethanol (175 µL) was added and RNA isolation was performed using the kit protocol. The purity and integrity of RNA was assessed using Nanodrop and gel electrophoresis devices. Complementary deoxyribonucleic acid (cDNA) was synthesized in two stages using a Transcriptor First Strand cDNA Synthesis Kit (Roche).
The mixture for PCR consisted of real-time PCR (master mix), 12.4 µL double-distilled water, 1.6 µL magnesium ion (25 mM), 2.0 µL Light Cycler DNA Master SYBR Green I (Roche), 10× concentration, 1.0 µL primer forward (target or beta actin [ACTB]), and 1.0 µL primer reverse (target or ACTB) (total volume=18 µL). Then, 2.0 µL target cDNA or ACTB was added to each sample to obtain a final volume of 20 µL.
Real-time polymerase chain reaction (PCR) consisted of one cycle of 95 °C for 30 seconds, 45 cycles of 95 °C for 0 seconds, 60 °C for 30 seconds, and 72 °C for 20 seconds, and one cycle of cooling at 40 °C for 30 seconds. After adding cDNA (5 µL), each sample was loaded on to one plate in a Light Cycler 480 (Roche). Amplification curves and the crossing point (Cp) were checked for each sample. The concentrations of samples were obtained based on the crossing point and 2-∆∆CT data. During real-time PCR, the expression levels of a reference gene (housekeeping gene) and a target gene were measured for each tissue sample. For quantitative analysis of gene expression, standards were selected among rabbit samples. Thus, an amplified sample was accepted as the standard hrEGF  1  3  1  0  0  1  0  2  3  2  0  0  1  0  3  3  2  1  0  2  0  4  2  3  3  2  3  3  5  3  2  3  2  2  3  6  2  2  3  2  3  2  7  1  2  3  3  3  3  8  0  2  3  3  3  3  9  1  2  3  3  3  3  PRP  10  3  2  0  0  1  0  11  3  1  0  0  1  0  12  3  0  0  0  0  0  13  1  1  1  0  1  2  14  1  1  2  0  1  2  15  2  2  2  1  2  2  16  0  1  2  2  2  2  17  1  1  2  2  2  2  18  1  1  2  2  3  2  Control  19  3  1  0  0  0  1  20  3  1  0  0  0  0  21  3  1  1  1  2  2  22  2  1  1  1  2  2  23  2  2  1  1  2  2  24  2  2  1  1 Results were computed using the concentration detection method and 2-∆∆CT Cp values. Then, the mean value of the expression levels of the target genes was proportioned to the mean value of the expression level of b-actin.
Statistical analysis
Histopathological data were analyzed using KruskalWallis tests, and pairwise multiple comparison tests were used to compare scores between different times and groups. Data are expressed as medians (minimummaximum). We used a one-way analysis of variance test to assess significant differences in gene expression levels among all samples. Statistical analyses were performed using the IBM SPSS for Windows version 23.0 software (IBM Corp., Armonk, USA), and a p value of <0.05 was considered statistically significant.
RESULTS
The prevalence of tissue macrophages was higher in group 1 at the first, second, and fourth weeks and significantly higher than group 2 at the end of the fourth week (p=0.018). Neovascularization showed an increasing tendency in all groups at the end of the fourth week. Group 1 showed significantly greater neovascularization compared to group 3 at the end of the second and fourth weeks (p=0.018 and p=0.009, respectively). Group 1 showed significantly more tenocytes than groups 2 and 3 at the end of the second week (p=0.014). An increase in tenocytes was detected in all groups at the end of the fourth week. Group 1 had significantly more tenocytes than group 3 at the end of the fourth week. Group 1 had more fibroblasts than the other groups at all time points, and showed greater collagen formation than groups 2 (p=0.018) and 3 (p=0.034) at the end of the fourth week. In intragroup comparisons, both groups 1 and 2 showed significantly greater collagen formation at the end of the fourth week versus the first week (p<0.05; Figures 1, 2) .
The expression levels of TNF-a, IL-6, and IL-8 were significantly higher in group 1 than in groups 2 and 3 at the end of the first, second, and fourth weeks (p<0.05; Table II ). These were higher in group 2 than in group 3; however, the difference was not statistically significant (p>0.05). The expression of CXCR2 was highest in group 1 at the end of the fourth week. This difference was statistically significant compared to group 2 (p<0.05; Table II) .
DISCUSSION
This study confirms the positive effects of hrEGF on histological changes and gene expression levels in tendon healing. To the best of our knowledge, no experimental study on the benefits of hrEGF in tendon healing has been reported. However, there are many studies on the benefits of PRP in tendon healing. [13, 14] Thus, the present study investigated the effects of hrEGF on tendon healing and compared its effects with those of PRP. Despite empirical studies on the effects of growth factors, including insulin-like growth factor, transforming growth factor-b1, vascular endothelial growth factor, bone morphogenetic protein, and fibroblast growth factor on tendon healing, the relationship between tendon healing and growth factors and cytokines has not been fully characterized. [18, 19] Tendon healing begins with an inflammatory process and continues with cell proliferation and remodelling. Following the migration of inflammatory cells to the injured site, angiogenesis is triggered as a result of phagocytosis by macrophages and monocytes. The migration of tenocytes occurs progressively, and remodelling proceeds with collagen production. [18, 20] In the present study, the healing of rabbit patellar tendons was examined histopathologically in three study groups, and the inflammatory response was high, as expected, in all groups at the end of the first week. Inflammation was largely reduced in all groups at the end of the fourth week. In an experimental study, the degree of inflammation was lower in the PRP group than in the control group. [21] Similarly, this study found that inflammation was lower in the PRP and hrEGF groups than in the control group after four weeks. Thus, it may be concluded that the inflammatory process is faster in the hrEGF and PRP groups than in the control group.
Tissue macrophage levels were highest in the hrEGF group. The quantity of tissue macrophages was comparable between the PRP and control groups. One study, reporting a correlation between tissue macrophages and expression of hrEGF, demonstrated that activation of EGF receptors plays an important role in cell migration in acute wounds and that tissue macrophages are the cellular source of EGF ligands. [22] Thus, exogenously administered hrEGF may have caused an increase in tissue macrophages in our study.
Neovascularization was significantly higher in the hrEGF group at the end of the first week. It increased progressively in all groups until the end of the fourth week. The relatively poor vascularization of tendons is considered one of the reasons for its limited healing potential. Thus, a therapeutic agent applied for tendon repair should target neovascularization. It has been demonstrated that PRP induces significant neovascularization. [23] Vascular endothelial growth factor, a powerful stimulator of angiogenesis, is abundant in PRP and is thought to enhance neovascularization. [23] It has been shown that hrEGF also enhances neovascularization. [24] In our study, neovascularization was higher in the PRP group than in the control group. However, it was highest in the hrEGF group. It has been shown that hrEGF induces mitosis and chemotaxis in endothelial cells. [25] These effects of hrEGF may also positively influence neovascularization.
In our study, collagen production and tenocyte levels were significantly higher in the hrEGF group, in line with some previous studies. In one experimental study, collagen and DNA content were significantly higher in an EGF group than in placebo controls. [26] In another study, PRP delivery to injured tendons increased precocious deposition of fibrillar collagen in the healing tendons. [27] PRP promotes proliferation, metabolic activity, and differentiation of mesenchymal cells into active tenocytes. [28] EGF has proliferative effects on cells of both mesodermal and ectodermal origin, particularly keratinocytes and fibroblasts. [3, 4] In our study, the hrEGF group had more fibroblasts than the other groups at all time points.
The use of cytokines and growth factors to enhance tendon healing remains largely experimental and has been restricted to in vitro studies and animal models. Because cytokines and growth factors regulate tendon differentiation in embryogenesis, they can effectively mediate tendon healing. [19] However, the effects of cytokines on wound healing are still unclear. TNF-a affects tenocytes and induces collagen and cytokine synthesis at the wound site; IL-8 induces angiogenesis and IL-6 enhances collagen synthesis. [29] Chemokines show their effects via receptors such as G proteins, CXCR1, and CXCR2, which have key roles in chemotaxis and cellular activation. [30] Proinflammatory cytokines, particularly IL-1, IL-6, and TNF-a, are upregulated during the inflammatory phase of wound healing. [31] In support of a role for proinflammatory cytokines in wound repair, a previous study found that the levels of IL-1, IL-6, and TNF-a were strongly upregulated during the inflammatory phase of healing, and polymorphonuclear leukocytes and macrophages were the major source of these cytokines. [32] Some studies have shown that PRP and EGF promote the healing process by increasing cytokine levels. Platelet-rich plasma produces a considerable amount of IL-6, IL-1, IL-8, and TNF-a. [33] In an experimental study, EGF increased biological activity and mRNA levels for IL-1 and IL-6. [34] A study that investigated the effects of chemokines demonstrated that CXCR2 is the primary functional chemokine receptor in mediating endothelial cell chemotaxis. [35] Our findings are consistent with these studies. We found higher expression of cytokines in the PRP and hrEGF groups than in the control group. Targeted gene expression was highest in the hrEGF group. Similarly, levels of tissue macrophages, a major source of cytokines, were highest in the hrEGF group. The efficiency of macrophage migration in the hrEGF group and the detection of higher cytokine levels in this group are mutually supportive findings.
The presence of chemokine receptors in inflammatory cells suggests that chemokines also contribute to the regulation of re-epithelialization, tissue remodelling, and angiogenesis. In an experimental study, CXCR2 deficiency resulted in defective neutrophil recruitment, delayed monocyte recruitment, and decreased secretion of the proinflammatory cytokine IL-1 in the wound area. [36] Our study demonstrated that the expression of CXCR1, which has high specificity for IL-8, and CXCR2, which has specificity for IL-8 and other cytokines, was higher in all groups compared to the reference gene. In addition, the expression of CXCR2 was highest in the hrEGF group, as with cytokines. It has been evidenced that the increase in CXCR2 expression is closely related to the healing cycle. In our study, the expression of both CXCR2 and cytokines was higher in the hrEGF group.
Our study has some limitations including the lack of biomechanical analyses and small sample size. This investigation included a relatively insufficient number of animal. Although histological and genetic evaluations are important for tendon healing process, biomechanical test results are also important for the evaluation of tendon repairs.
In conclusion, we found a higher expression of cytokines in the hrEGF group, with positive effects on tissue healing. Similarly, considering the histological and genetic criteria of our study, hrEGF is superior over PRP. There are many studies on the effects of PRP on tendon healing and its use in tendon pathologies. However, to the best of our knowledge, the efficacy of the clinical use of hrEGF for tendon healing has not been reported to date. We believe that hrEGF can be considered a viable option for tendon healing. However, more studies are needed to investigate the effects of hrEGF on tendon healing.
